Intertidal populations of the ecosystem engineering polychaete, Diopatra biscayensis, were analyzed on the French Atlantic coast for three years with individual size estimated from tube-cap aperture. All but the northernmost population along the Bay of Biscay have yearly recruitment. Individuals live 3-5 years and are likely reproductive as one year olds. Simulations indicate dispersal distances are < 50 km; yet, populations also exist within the Normano-Breton Gulf in the western English Channel, more than 450 km from the northernmost Bay of Biscay population at La Trinité-sur-Mer. Three of the four populations in the Normano-Breton Gulf have no young of the year, but are near to active mussel culture where mussel seed is transported on ropes from dense D. biscayensis areas in the Vendée-Charente region in the Bay of Biscay. The majority of D. biscayensis were adjacent to the likely source, mussel seed ropes. Transport assisted by aquaculture is the likely explanation for the populations in the Normano-Breton Gulf.
Introduction 35 36
The polychaete genus Diopatra is well-known as an ecosystem engineer in marine sediments, 37 affecting both sediment and community characteristics in a density dependent manner (Bailey-38 Brock 1984; Luckenbach 1986; Myers 1972; Woodin 1978) . From the perspective of its effects 39 on the dynamics of sedimentary assemblages and their physical properties, the distribution and 40 abundance of Diopatra is of significance (Berke et al. 2010 ). The range of Diopatra biscayensis 41 has been expanding northward in the Bay of Biscay since the late 1960s (Glemarec 1979) and 42 now ranges from Arcachon France (44 shore within the Diopatra zone at that location. Diopatra are often continuous in their 90 distribution, given appropriate habitat, and the transect approach works well in such locations 91 (Woodin 1978) . The sizes of the Diopatra zone vary with location. Generally individuals of 92 Diopatra are found from the shelf break and below. In a location with a very shallow slope such 93 as at Châtelaillon-Plage, the intertidal zone of occurrence might be several hundred meters wide. 94
If large areas of inappropriate habitat such as reef or rock or mud slurries resulted in discrete 95 patches of Diopatra, then total counts within a known area within the patch were used; typically 96 all individuals were measured within 10 × 10 m areas. 97 M A N U S C R I P T
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6 Alternatively, if densities were so low that few quadrats contained any individuals so that most 99 transects of 10 m or more would contain 1 or 0 individuals, densities were estimated from 100 nearest neighbour distances (Diggle 1975 Total search area was estimated from the convex hull of the UTM coordinates. Population 113 densities were calculated using Eq. 1, and the 95% confidence limits were calculated from the 114 nearest neighbour values using the Diggle (1975) estimate of the standard error of the reciprocal 115 of density. 116 117
Bouchot Census 118
The original sites where Diopatra was first discovered within the Normano-Breton Gulf were 119 near Sabellaria reefs with nearby bouchot mussel culture sites: Sainte-Anne reef near Cherrueix 120 M A N U S C R I P T A C C E P T E D diameter appeared to be six to nine months old, therefore individuals with aperture diameters less 145 than 5 mm were designated as young of the year or recruits (see section 3.4.1 for confirmation of 146 this designation). We use the term 'recruitment' to refer to these individuals, which of course we 147 are recording several months after actual settlement (Bachelet 1990) . Hence we consider animals with tube aperture diameters ≥ 5mm to be adults. 157 158
Size Frequency Analysis 159
The size frequency data for each year and site were examined using the FiSAT II cohort 160 identification software (FiSAT II, Gayanilo et al. 2005 ). Bhattacharya's method was used to 161 generate initial estimates of means and standard deviations of potential component normal 162 distributions i.e. presumptive cohorts. It assigns a separation index to the presumptive cohorts. (Table 1,  257 Figs. 2, 3). 258
259
Most populations showed density changes of two to three fold between years, but none appeared 260 to be declining by 5 fold or more except for the population at La Trinité-sur-Mer (Fig. 2) . 
Normano-Breton Gulf Populations 274
Unlike the Bay of Biscay populations, except for the terminal population at La Trinité-sur-Mer, 275 all four populations in the Normano-Breton Gulf had mean densities per meter square of less 276 than one and mean nearest neighbor distances > 1 m (Fig. 2) . These distances among adults may 277 greatly reduce the probability of fertilization success, depending upon sperm transfer (Levitan 278 young of the year in each year (< 5 mm aperture) (Fig. 3 , Table 1 ). Mean nearest neighbor 281 distances at Saint-Anne were between 1.1 m and 1.8 m (Fig. 2) . All four Normano-Breton Gulf 282 populations had mean aperture diameters as large or larger than those of the populations in the 283
Bay of Biscay (Table 1 ). The population at Saint-Géran in the Baie de la Fresnaye was very 284 small: in three hours of searching only 12 individuals were found. Mean nearest neighbour 285 distances at Saint-Géran were > 4m (density < 0.001 m -2 ), and all individuals were large (Table  286 1). 287 288
Size Frequency Distributions 289

Bay of Biscay Populations 290
The most southern populations, Arcachon, Verdon-sur-Mer (45.55123° N, 1.05893° W), and 291
Plage de Gatseau on Île d'Oléron, are characterized by a high percentage of individuals < 5 mm 292 tube aperture diameter (young of the year) and by no individuals over 10 mm tube aperture 293 diameter (Fig. 3 , Table 1 ). The more northern populations from Châtelaillon-Plage to the 294 Dolmen du Crapaud near Billiers (47.51528° N, 2.48445° W) rarely had more than 5% of the 295 censused individuals in the < 5 mm tube aperture category and in one case no young of the year 296
were found in a sample of over 100 individuals (Tharon Plage at Saint-Michel-Chef-Chef 297 (47.1647° N, 2.17° W) 2011, n=131). Individuals of 10 mm or more tube aperture diameter can 298 be common in these more northern populations in contrast to those further south where few large 299 individuals were found in three years (Fig. 3) . Mean sizes were smaller at the southern sites, 300 reflecting both a smaller upper size and a larger proportion of young of the year (Table 1, Fig. 3 ).
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The northernmost population in the continuous distribution is at La Trinité-sur-Mer and its 302 population was dramatically different from all others in that no individuals < 8 mm tube aperture 303 diameter were found in our surveys of 2010-2013, most individuals are ≥ 9 mm tube aperture 304 diameter, and the population has decreased by almost two orders of magnitude since 2010 (Table  305 1, Figs. 2, 3) . 306 307
Normano-Breton Gulf Populations 308
The populations of the Normano-Breton Gulf are more than 450 km from those of the Bay of 309
Biscay. The coast between these two regions has areas of suitable habitat and we have searched 
Cohort Analysis 320
Cohort analysis of size frequency distributions differed between the two southernmost 321 populations and those further north in the Bay of Biscay, but in neither case did it prove to be 322 very informative. Only at Arcachon could more than one cohort be resolved in all three years. 323
In the case of Arcachon, with good densities of small individuals in all years sampled (Fig. 3) , a 324 peak centered on 3.4 mm with upper and lower 95% confidence limits of 4.6 and 2.2 mm could 325 be resolved, which crudely corresponds to what we have designated as young of the year i.e. 326 worms with tube apertures of < 5 mm. As is clear from the size distributions of the populations 327 (Fig. 3) , in only a few cases is any coherent cohort size structure apparent; so, we restrict 328 ourselves to merely recognizing individuals with very small apertures (< 5 mm) as young of the 329 year. 330 331
Growth Rate and Lifespan Estimates 332
Estimates from FiSAT II ELEPHAN I 333
The populations at Arcachon and Verdon-sur-Mer had numerous young of the year in all census 334 years ( Fig. 3 ) and thus could be used to estimate growth parameters. Growth parameters 335 estimated from the FiSAT II ELEPHAN I algorithm for these populations suggest that by 12 336 months of age individuals would have an aperture diameter of ~5 mm (Table 2) 1 and 2, Fig. 3) . 349 350
Field Data on Growth Increments and Lifespan 351
Densities at most locales are too great to allow worms to be individually followed through time; 352 so, neither lifespan nor growth rate can be estimated from known individuals. The densities at 353
La Trinité-sur-Mer are sufficiently small that this could be done for 10 individuals recorded in 354 2011, 2012 and 2013 (Table 3) . Members of this genus with sediment tubes rarely move; thus, if 355 the individual is still alive, it should be at the previous year's coordinates ± the GPS error 356 (Brenchley 1975 , Myers 1972 ). We therefore can use the data on this very limited number of 357 individuals to ask whether the measured growth increments and lifespans are consistent with the 358 estimates derived from FiSAT II. In 5 of the 10 cases, worms grew at rates crudely conforming 359 to those estimated from ELEPHAN I assuming the animals were 1.5 to 2 years old when we first 360 started tracking them in 2011 (Table 3 ). In the other 5 cases the worms either did not grow or 361 shrank between years, which is consistent with soft-bodied organisms which often degrow. Note 362 that 21 of the 28 individuals total seen in 2011 were never seen again. In 2012 and again in 363 2013, we searched without success areas 20 to 40 m in diameter centered on the coordinates of 364 individuals found in 2011. We presume they are dead. Two of the seven individuals from 2011 365 that were seen in 2012 were not found in two days of searching in 2013, and again are presumed 366 dead. Five survived the three year observation period (Table 3) . These data also are consistent
with a lifespan for D. biscayensis of 3 to 5 or more years which is also the estimate from FiSAT 368 II (Table 2) . 369 370
Connectivity 371
The results of the larval transport simulations are consistent with short-distance dispersal, 372 typically < 50 km (Figs. 4, 5) . Larvae released from sites adjacent to the northern geographic 373 limit of D. biscayensis in the Vilaine/Loire region dispersed only within the local region during 374 the 1 to 6 day larval period as is reflected in the rapidity of decrease in connectivity with distance 375 (Figs. 4, 5) . Larval connectivity was high close to the sites of origin, and declined by one order 376 of magnitude for each 10 km of distance from the source ( Champeaux populations never exchanged larvae with Quatre Vaux or Saint-Géran in our 384 simulations (Fig. 4) . Therefore it is likely that the western two populations in the Normano-385
Breton Gulf were seeded independently from the eastern two populations. The decline of 386 connectivity with distance in the Normano-Breton Gulf was 1 order of magnitude per 10 km, 387
indistinguishable from the rate of decline measured in the Vilaine/Loire region (Fig. 5) . Verdon-sur-Mer) have a higher proportion of young of the year than those further north (Fig. 3) . 432
In all years during this study, 2010 to 2013, within the populations in the Bay of Biscay,
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complete absence of young of the year was extremely rare, seen only once at Tharon Plage in 434 2011 (Fig. 3, Table 1 ). The one exception to this pattern of recruitment success in the Bay of 435
Biscay was the terminal population at La Trinité-sur-Mer where no individuals smaller than 8 436 mm tube aperture have been recorded (Fig. 3) . Densities at La Trinité-sur-Mer are decreasing 437 rapidly; over 75% of the adults seen in 2011 were gone by 2012 and the density in 2011 was 438 one-tenth that of 2010 (Fig. 2) . Our estimates of growth suggest that individuals 8 mm in 439 aperture diameter are 1.5 to 2 years old (Table 2) Fig. 3 ) and much higher densities (Fig. 2) . A more likely 445 explanation is that the local population density is too low for successful reproduction and 446 dispersal distances are too great for recruitment from the larger populations to the east and south 447 (Levitan and Petersen 1995) (Fig. 4, 5 ). For example, in both 2012 and 2013 no individual at La 448 Trinité-sur-Mer was as close as 4 m to another. Given a lifespan of 3 to 5 years or more (Table  449 2), the population will display a demographic storage effect of adults present but no successful 450 local reproduction. With short distance dispersal distances such a population may derive from a 451 rare recruitment event with much higher than normal dispersal distances or survivorships 452 sufficiently close that some larval input from adjacent populations is likely (Fig. 4, 5) . This is 472 also true for the populations within the Normano-Breton Gulf (Fig. 4, 5 
Normano-Breton Gulf Populations 531
The population of Diopatra biscayensis near the Sainte-Anne sabellariid reef at Cherrueix was 532 already well-established when Dubois discovered it in 2001-2. It is near to mussel culture areas 533 with bouchots; so, presumably it originated via human-assisted-transport associated with 534 aquaculture. At this site, it is common to find two or more individuals within 0.25 m 2 so it seems 535 likely that this population has sufficient density for fertilization success; over 38% of the 194 536 individuals measured in 2013 for example shared a 0.25 m 2 with another individual and the 537 average nearest neighbor distance was 1.1 m. This is a higher population density and more 538 frequent occurrence of multiple individuals within 0.25 m 2 than any of the other populations in 539 the Normano-Breton Gulf (Fig. 2) . Like the population at Sainte-Anne, the populations at 540
Quatre Vaux and at St-Géran are near mussel culture areas; the population at Champeaux is not. 541
Our dispersal simulations indicate that the Champeaux population may have been established as 542 a result of larval dispersal from the Sainte-Anne population which is less than 5 km distant ( 
